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MOISTURE-CURABLE RESIN COMPOSITION 

The present invention relates to a moisture-curable resin composition containing a hydrolyzable silyl 
group-containing polyether compound as a curable component which contains a urethane bond and which 
is curable to form a rubber-like substance when exposed to moisture in air. 

As a room temperature curable resin of two component system, a thiokol type and an urethane type are 

5 known. However, they are not yet fully satisfactory with respect to e.g. the operational efficiency and the pot 
life after the two components have been mixed. To overcome such drawbacks, researches have been active 
to develop a suitable one component system. As a one component system, a thiokol type, a urethane type 
and a silicone type are common, but they have their own merits and demerits with respect to e.g. curing 
properties, adhesiveness and costs. None of them is fully satisfactory. Under these circumstances, the 

70 present inventors have paid a particular attention to a silicone type one component system moisture curable 
compound which is curable at room temperature and have conducted various studies for a process of 
producing such a compound at a low cost. Heretofore, as a process for producing a silicone type one 
component system at a low cost, it has been known to employ a process of reacting a compound having a 
hydrolyzable silyl group and an active hydrogen-containing group, to an isocyanate group-containing 

75 prepolymer obtained by reacting a polyoxyalkylene polyol with a stoichiometrically excess amount of a 
poly isocyanate compound, or a process of reacting a compound having an a./5-unsaturated group and an 
active hydrogen-containing group to such a prepolymer, followed by reacting a hydrosilane having a 
hydrolyzable group thereto (U.S. Patents 3,408,321 , 3,448,072, 3,592,795 and 3,632.557). 

When a moisture curable resin is to be used as a sealing agent, it is necessary that elongation of the 

20 cured product will be large. Such elongation is influenced by the nature of polymer chains in the moisture 
curable compound or by the molecular weight. For example, polyester chains contain a number of ester 
bonds having high coagulating properties, whereby the elongation of the cured product will be small. Ether 
bonds in polyoxyalkylene chains have low coagulating properties, whereby a large elongation will be 
brought about. On the other hand, the larger the molecular weight of the polymer chains, the larger the 

25 elongation will be. However, with respect to the polyoxyalkylene polyol, it is difficult to produce a 
polyoxyalkylene polyol having a high molecular weight because of a side reaction of the ring-opening 
addition polymerization reaction to form an oxy alky lens group having at least 3 carbon atoms as the main 
oxyaikylene group. For example, the molecular weight of polyoxypropylene diol is usually not higher than 
3,000. To increase the molecular weight of a polyoxyalkylene polyol, polymerization of a polyoxyalkylene 

30 polyol is employed. The polyoxyalkylene polyol to be employed for such polymerization is a diol, and a 
polyol having three or more hydroxyl groups is not used for such polymerization since the number of 
branches will otherwise be increased. Namely, to react a polyoxyalkylene diol with a polyisocyanate 
compound, it is common to employ a method for producing a prepolymer having a high molecular weight 
by minimizing the stoichiometrically excess amount of the polyisocyanate compound. However, such a 

35 method will bring about a number of urethane bonds among polyoxyalkylene chains, and the elongation of 
the cured product tends to be small because of the coagulating properties of such urethane bonds. There 
have been known a method of polymerizing a polyoxyalkylene diol with only an ether bond (for example a 
method of converting a hydroxyl group to sodium alkoxide, which is then reacted with dichioromethane, as 
disclosed in Japanese Unexamined Patent Publication No. 240320/1987). However, this method is cum- 

40 bersome and costly. Further, it is difficult to control the molecular weight of the product by the polymeriza- 
tion, and the molecular weight distribution of the resulting polymer tends to be wide. 

The present invention provides a moisture-curable resin composition containing a hydrolyzable silyl- 
containing polyether compound capable of providing a cured product having large elongation. 

More specifically, the present invention provides a moisture-curable resin composition containing a 

45 hydrolyzable silyl group-containing polyether compound as a curable component, said polyether compound 
comprising polyoxyalkylene chains derived from a polyoxyalkylene polyol having a hydroxyl value (x 
mgKOH/g) of from 5 to 35, a total degree of unsaturation (y meq/g) of not higher than 0.07 meq/g and y £ 
0.9/(x-10), from 2 to 8 hydroxyl groups, and a content of oxyaikylene groups having at least 3 carbon atoms, 
of at least 60% by weight, and a hydrolyzable silyl group-containing terminal group present at I ast at each 

so of two terminals of said polyoxyalkylene chains, said terminal group having a urethane bond linked to the 
polyoxyalkylene chain. 

Now, the present invention will be described in further detail with reference to the preferred embodi- 
ments. 

The polyether compound of the present invention is obtained by using as a starting material a 
polyoxyalkylene polyol having a very large molecular weight and converting its terminal hydroxyl groups to 
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ligands (see Japanese Unexamined Patent Publication No. 197726/1985). It is particularly preferred to 
employ a composite metal cyanide complex catalyst such as a hexacyanocobaltate zinc complex. This 
catalyst and a process for producing a polyoxyalkylene polyol using it are disclosed, for example, in the 
following patents: 

5 U.S. Patents 3,278,457, 3,278,458, 3,278,459, 3,427,334, 3,427,335, 3,829,505, 3,941,849. 4,355,188, 
4,472,560 and 4,721,818. 

The above-mentioned polyoxyalkylene polyol is prepared by a method of ring-opening addition 
polymerization of an alkylene oxide alone, or a method of ring-opening addition polymerization of an 
alkylene oxide to a polyvalent initiator. As the alkylene oxide, at least one of propylene oxide and butylene 

to oxide, or such an alkylene oxide and ethylene oxide, may be used. It is particularly preferred to employ 
propylene oxide alone or in combination with ethylene oxide. 

The polyvalent initiator to be used for the preparation of the above polyoxyalkylene polyol, includes a 
polyhydric alcohol, a polyvalent phenol, a polyamine and an alkanol amine. For example, it includes 
ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, neopentyl glycol, 1 ,4-butanediol, 

75 1 ,6-hexanediol, glycerol, trim ethylolpro pane, pentaerythritol, diglycerol, dextrose, sucrose, bisphenol A. 
ethylene diamine and a polyoxyalkylene polyol obtainable by reacting at least one of these initiators with an 
alkylene oxide and having a molecular weight lower than the desired product (i.e. a high hydroxy I value). 
These initiators may be used alone or in combination as a mixture of two or more. Particularly preferred 
polyvalent initiators are a polyhydric alcohol, a polyvalent phenol and a polyoxyalkylene polyol having a 

20 lower molecular weight obtained by adding an alkylene oxide to any one of such a polyhydric alcohol and 
polyvalent phenol. 

Hereinafter, the polyoxyalkylene polyol in the present invention will be represented by A-(OH) n wherein 
A is a n-valent residue obtained by removing a hydroxyl group from a polyoxyalkylene polyol, and n is the 
number of hydroxyl groups N. The hydrolyzable silyl group-containing polyether compound having a 
25 hydrolyzable silyl group-containing terminal group represented by the formula (1) given hereinafter, is 
preferably a compound of the following formula: 



30 
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I I! 
( x 3 _ m -si-B-ira-c-ot p AfOH ) n _ p 



wherein p is an integer of from 1 .3 to n, preferably p = 1 .5 - n. 
35 The hydrolyzable silyl group-containing polyoxyalkylene polyol compound of the present invention 
contains at least 1.3, preferably at least about 1.5, hydrolyzable silyl group-containing terminal groups of the 
following formula (1 ) in one molecule. 



an Km O 

! li 

X 3 _ m -Si-B-NH-C-0- ( 1 ) 



This terminal group is linked to a polyoxyalkylene chain having a hydroxyl group removed from a 
terminal of a polyoxyalkylene chain. Preferably, this terminal group is present in place of at least 1.3, 
preferably at least 1 .5, hydroxyl groups in the polyoxyalkylene polyol. In the above formula, m is preferably 
an integer of 0, 1 or 2. More preferably, m is 0 or 1. B is a bivalent organic group or a bond (i.e. Si and NH 
being directly bonded). B may be a bivalent organic group having a urethane bond, a urea bond or other 
bonds. In the formula, R is a monovalent hydrocarbon group or a halogenated hydrocarbon group, such as 
an alkyl group or a fluoroalkyl group having at most 8 carbon atoms, preferably at most 6 carbon atoms. 
Particularly preferred is a lower alkyl group such as a methyl group or an ethyl group. X is a hydrolyzable 
group such as a halogen atom, an alkoxy group, an acyloxy group, an amide group, an amino group, an 
aminooxy group or a ketoximate group. A hydrolyzable group having carbon atoms among them, preferably 
has not more than 6 carbon atoms, more preferably not more than 4 carbon atoms. A preferred 
hydrolyzable group is an alkoxy group having not more than 4 carbon atoms, particularly a methoxy group 
or an ethoxy group. Specific examples of the hydrolyzable silyl group include a trimethoxysilyl group, a 
methyldimethoxysilyl group, a triethoxysilyl group, a methyldiethoxysilyl group, an ethyldiethoxysilyi group, 
a tributoxysilyl group, a methyldibutoxysilyl group, a tris(2 methoxyethoxy)silyl group, a triacetoxysilyl 
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ring. A preferred hydrocarbon group is an aikylene group, and an alkylen group having from 1 to 8 carbon 
atoms, particularly an aikylene group having from 2 to 6 carbon atoms, are preferred. For example, a 
polymethylene group such as a dimethylene group, a trimethylene group or a tetramethylene group, is 
pref rred. R 2 may be a urethane bond, a urea bond or an organic group containing other bonds formed by 
the reaction with an active hydrogen-containing group. Such a case will be described hereinafter in item 
(iv). 

The compound (b) includes, for example, allyl isocyanate, 2-isocyanate methyl methacrylate and 
isopropenyldimethylbenzyl isocyanate. Allyl isocyanate is most preferred. The hydrosllane (c) is preferably 
the above-mentioned hydrosilane having a hydrolyzable silyl group. Further, by using a halohydrosilane 
wherein X is a halogen such as a chlorine atom, as the hydrosilane (c), it is possible that after forming the 
terminal group of the formula (5), the halogen* is converted to a hydrolyzable silyl group other than the 
halogen, such as an alkoxy group. The reaction of the hydrosilane (c) and the a./S-unsaturated group, can 
be conducted by means of a conventional catalyst such as platinum. 

(iii) A compound (d) having a hydrolyzable silyl group and an active hydrogen-containing group reactive 
with an isocyanate group, a polyisocyanate compound (e) and a polyoxyalkylene polyol, are simultaneously 
or sequentially reacted. The active hydrogen-containing group includes, for example, a hydroxyl group, a 
primary amino group, a secondary amino group, a carboxyl group and a mercapto group, and particularly 
preferred are a hydroxyl group, a primary amino group and a secondary amino group. The compound (d) 
and the polyisocyanate compound (e) may be, for example, those represented by the following formulas (6) 
and (7), respectively. 

Era 
I 

X 3 _ n -Si-R 6 -Z (6) 
I>tNCO) k (7) 

D<NCO) k (7) 

X, R and m are as defined in the formula (1), and R 6 is a bivalent organic group, Z is an active 
hydrogen-containing group, D is a residue obtained by removing an isocyanate group of a polyisocyanate 
compound, and k is an integer of at least 2. R 6 is preferably a bivalent hydrocarbon group, like R 1 and R 2 , 
and an aikylene group having from 1 to 8 carbon atoms, particularly an aikylene group having from 2 to 6 
carbon atoms, is preferred. Most preferably, it is a polymethylene group having from 2 to 6 carbon atoms. 
D is a residue of an aromatic, aliphatic or alicyclic polyisocyanate compound, and k is preferably an integer 
of from 2 to 4, particularly 2. The reaction of the above three reactants can be conducted simultaneously. 
However, it is preferred to react them sequentially. Namely, a polyoxyalkylene polyol and a stoichiometrical- 
ly excess amount of a polyisocyanate compound (e) are reacted to obtain an isocyanate group-containing 
prepolymer, and a compound (d) is reacted thereto to obtain the desired compound. The polyoxyalkylene 
polyol may be polymerized by reacting it with a polyisocyanate compound (e). However, such polymeriza- 
tion brings about at least two urethane bonds between the polyoxyalkylene chains. Such polymerization is 
not so desirable. Therefore, such polymerization should preferably be less, if any. Accordingly, it is 
preferred to conduct the reaction at such proportions that one molecule of the polyisocyanate compound (e) 
reacts with one hydroxyl group of the polyoxyalkylene polyol. Preferably, at least N mol of polyisocyanate 
compound (e) is reacted to 1 mol of the polyoxyalkylene polyol, and if necessary, an unreacted 
polyisocyanate compound (e) is removed, whereby a prepolymer of the following formula (8) is obtained, 
and a compound (d) is reacted thereto to obtain the desired product. 
AfOCONH-D^NCOJuln (8) 

A second method for sequential reaction comprises reacting the compound (d) and the polyisocyanate 
compound (e) in such a proportion that at least one isocyanate group remains, and reacting this reaction 
product with a polyoxyalkylene polyol. Namely, by the reaction of the compound (d) and the polyisocyanate 
compound (e), the product represented by the following formula (9) will be formed. 

I 

( X 3 _ m -Si-R 6 -Z ' -CONH^DfNCO } k . 1 ( 9 ) 

In the above formula, 1 is an integer of at least 1 and smaller than k and Z is a group obtained by 
removing a hydrogen atom from Z. 
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Now, the present invention will be described in further detail with reference to Examples and 
Comparative Examples. However, it should be understood that the present invention is by no means 
restricted by such specific Examples. 

The polyoxyalkylene polyols used in the following Examples and Comparative Examples were prepared 
5 by the following methods. Namely, by using a polyoxypropylene polyol having a molecular weight of from 
400 to 600 as an initiator and a composite metal cyanide complex composed of a hexanecyanocobaltate 
zinc complex as a catalyst, propylene oxide was ring-opening addition polymerized to the initiator. Then, 
the product was purified to obtain the following polyol A, B or C. On the other hand, the catalyst used for 
the ring-opening addition polymerization of propylene oxide, was converted to a calcium catalyst, and 
io ethylene oxide was further ring-opening addition polymerized, and the product was purified to obtain the 
following polyol D. Further, by using a polyoxyethylene block copolymer diol having an oxyethylene group- 
content of 50% by weight and a molecular weight of 3,000, as an initiator, propylene oxide was subjected to 
ring-opening addition polymerization in the presence of the above composite metal cyanide complex 
catalyst to obtain the following polyol E. 
15 Further, the following polyol F is a polyoxyalkylene polyol prepared by a usual alkali catalyst. 

Polyol A: a polyoxypropylene diol having a hydroxyl value of 12.5 mgKOH/g and a total degree of 
unsaturation of 0.020 meq/g. 

Polyol B: a polyoxypropylene diol having a hydroxyl value of 6.3 mgKOH/g and a total degree of 
unsaturation of 0.025 meq/g. 

20 Polyol C: a polyoxypropylene triol having a hydroxyl value of 5.6 mgKOH/g and a total degree of 

unsaturation of 0.027 meq/g. 

Polyol D: a polyoxypropyleneoxyethylene diol having an oxyethylene group content of 15% by 
weight, a hydroxyl value of 12.5 mgKOH/g and a total degree of unsaturation of 0.020 meq/g. 

Polyol E: a polyoxypropyleneoxyethylene diol having an oxyethylene group content of 15% by 
25 weight, a hydroxyl value of 12.5 mgKOH/g and a total degree of unsaturation of 0.020 meq/g. 

Polyol F: a polyoxypropylene diol having a hydroxyl value of 65.0 mgKOH/g and a total degree of 
unsaturation of 0.038 meq/g. 

In the following Examples and Comparative Examples, "parts" means "parts by weight" unless 
otherwise specified. 

30 

EXAMPLE 1 

To 500 parts of polyol A, 9.2 parts of ally I isocyanate was added, and the mixture was reacted at 50* C 
35 under a nitrogen stream until a NCO group was no longer detected by IR, to obtain an unsaturated terminal 
group-containing polyol. 

Then, to the product thus obtained, 13.0 parts of methyldimethoxysilane and 0.003 part of a platinum- 
ethylene complex were added, and the mixture was reacted at 100* C for 1 hour. After completion of the 
reaction, unreacted methyldimethoxysilane was distilled off under reduced pressure, and 5 parts of 
40 dibutyltin dilaurate was added as a curing catalyst to obtain a one component type room temperature 
curable synthetic resin. 



EXAMPLE 2 

To 500 parts of polyol A, 21.0 parts of isocyanate propylmethyldimethoxysilane OCNCH 2 CH 2 CH 2 Si- 
(CH 3 )(OCH 3 )2 was added, and the mixture was reacted at 50* C under a nitrogen stream until a NCO group 
was no longer detected by IR. After completion of the reaction, 5 parts of dibutyltin diiaurate was added as 
a curing catalyst to obtain a one component type room temperature curable synthetic resin. 



EXAMPLE 3 

To 500 parts of polyol B, 10.5 parts of isocyanate propylmethyldimethoxysilane OCNCH 2 CH 2 CH 2 Si- 
55 (CH 3 )(OCH 3 ) 2 was added, and the mixture was reacted at 50* C under a nitrogen stream until a NCO group 
was no longer detected by IR. After completion of the reaction, 5 parts of dibutyltin dilaurate was added as 
a curing catalyst to obtain a one component type room temperature curable synthetic resin. 
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reacted at 80* C for 8 hours under a nitrogen stream to obtain a prepolymer with NCO% - 0,5%. Then, to 
100 parts of this prepolymer, 2.1 parts of 7-aminopropyl trimethoxysilane was reacted at 80* C for 5 hours. 
Then, 1 part of dibutyltin diiaurate was added thereto as a curing catalyst to obtain a one component type 
room temperature curable synthetic resin. 

5 

EXAMPLE 10 

100 Parts of polyol C was charged into a 1 t three-necked flask equipped with a stirrer, a thermometer 
70 and a nitrogen supply tube, and 1 .7 parts of 2,4-tolyIene diisocyanate was added thereto. The mixture was 
reacted at 80* C for 8 hours under a nitrogen stream to obtain a prepolymer with NCO% = 0.4%. Then, to 
100 parts of this prepolymer, 1.7 parts of 7-aminopropyl trimethoxysilane was reacted at 80* C for 5 hours. 
Then, 1 part of dibutyltin diiaurate was added thereto as a curing catalyst to obtain a one component type 
room temperature curable synthetic resin. 



COMPARATIVE EXAMPLE 2 

100 Parts of polyol F was charged into a 1 i three-necked flask equipped with a stirrer, a thermometer 
20 and a nitrogen supply tube, and 20.5 parts of 2,4-tolylene diisocyanate was added thereto. The mixture was 

reacted at 80* C for 8 hours under a nitrogen stream to obtain a prepolymer with NCO% = 4.1%. Then, to 

100 parts of this prepolymer, 17.0 parts of 7-aminopropyl trimethoxysilane was reacted at 80* C for 5 hours. 

Then. 1 part of dibutyltin diiaurate was added thereto as a curing catalyst to obtain a one component type 

room temperature curable synthetic resin. 
2$ The synthetic resins of the foregoing Examples and Comparative Examples were cured at 50*C under 

a relative humidity of 60%. The physical properties of the cured products are shown in Table 1. 

Table 1 
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Synthetic resin 


Tensile 


Elongation at 


50% 




strength 


breakage 


Tensile 








stress 




(kg/cm 2 ) 


(%) 


(kg/cm 2 ) 


Example 1 


8.2 


160 


4.8 


Example 2 


8.6 


140 


5.2 


Example 3 


7.2 


270 


3.1 


Example 4 


5.4 


430 


1.4 


Example 5 


6.0 


280 


2.1 


Example 6 


8.6 


140 


5.0 


Example 7 


8.8 


130 


5.3 


Example 8 


8.9 


130 


5.5 


Example 9 


7.8 


250 


3.3 


Example 10 


6.8 


260 


2.3 


Comparative Example 1 


11.5 


40 


8.2 


Comparative Example 2 


9.0 


30 


5.3 
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Claims 

1. A moisture-curable resin composition containing a hydrolyzable silyl group-containing polyether 
compound as a curable component, said polyether compound comprising polyoxyalkylene chains derived 
from a polyoxyalkylene polyol having a hydroxy I value (x mgKOH/g) of from 5 to 35, a total degree of 
unsaturation (y meq/g) of not higher than 0.07 meq/g and y £ 0.9/(x-10), from 2 to 8 hydroxyl groups, and a 
content of oxyalkylene groups having at least 3 carbon atoms, of at least 60% by weight, and a 
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© Moisture-curable resin composition. 



© A moisture-curable resin composition containing 
a hydrolyzable silyl group-containing polyether com- 
pound as a curable component, said polyether com- 
pound comprising polyoxyalkylene chains derived 
^ from a polyoxyalkylene polyol having a hydroxyl 
value (x mgKOH/g) of from 5 to 35, a total degree of 
2 unsaturation (y meq/g) of not higher than 0.07 meq/g 
ip and y S 0.9/(x-10), from 2 to 8 hydroxyl groups, and 
a content of oxyalkylene groups having at least 3 
carbon atoms, of at least 60% by weight, and a 
CO hydrolyzable silyl group-containing terminal group 
Q present at least 1.3 terminals on the average of said 
polyoxyalkylene chains, said terminal group having a 
tL urethane bond linked to the polyoxyalkylene chain. 
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